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Abstract 

In  practical  engineering  or  experimental  work  one  often 
enco\Hiters  a  function  P  of  many  variables,  F(x's,  y's,  z's),  re- 
presented only  by  the  families  of  curves  obtained  by  plotting  F 
against  each  of  the  x's  on  Cartesian  graph  paper,  against  each  of 
the  y's  on  semi-log  paper,  and  against  each  of  the  z's  on  double- 
log  paper*   It  frequently  happens  that  these  curves  are  all 
approximately  straight  lines  over  some  limited  range  of  interest. 
On  the  assumption  that  they  are  all  true  straight  lines,  the 
present  note  shows  hoxir  to  synthesize  all  the  graphical  represent- 
ations for  any  nimiber  of  parameters  into  the  most  general  formiila 
possible,  expressing  P  as  the  product  of  a  general  multilinear 
function  of  the  x's  and  the  exponential  of  a  constant-free 
multilinear  function  of  the  y's  and  of  the  log  z's,  with  the 
coefficients  in  both  multilinear  fuiictions  being  Independent  of 
the  x's,  y's,  and  z ' s « 


1,  INTRODUCTION 

In  a  comprehensive  investigation  by  one  of  the  authors 
on  assemblages  of  elastic  shells,  the  various  results  for  certain 
components  of  stress  and  displacement  exhibited  approximately 
linear  behavior  over  the  limited  ranges  of  Interest  of  the  relevant 
parameters,  when  plotted  on  Cartesian  graph  paper,  semi-log 
paper,  or  double-log  paper.   These  results,  derived  from  various 
numerical  calculations  and  corroboratory  experiments,  are  functions 
of  many  parameters,  such  as  the  various  geometrical  ratios  defining 
shell  shapes,  the  shell  thickness,  Polsson's  ratio,  the  nuraber 
of  coupled  shells,  and  other  significant  quantities.   Rather  than 
to  retain  these  extensive  results  in  the  form  of  cumbersome 
families  of  graphs,  it  was  desirable  and  useful  to  combine  them 
in  such  a  way  as  to  obtain  a  single  explicit  formula  for  each 
dependent  quantity,  in  terms  of  the  above-mentioned  independent 
parameters* 

The  problem  of  combining  such  results  is,  of  course,  not 
peculiar  to  investigations  in  elasticity,  but  often  arises  in 
experimental  or  engineering  work  of  any  nature e   One  can  easily 
construct  simple  functions  which  will  exhibit  such  '"linear" 
properties,  but  the  mo s t  general  answer  to  the  _lnyerse  problem 
is  less  obvious,  especially  when  the  number  of  parameters  is 
large.   Then,  an  unsystematic  attempt  to  effect  such  a  synthesis 
may  prove  infeasible  or  Incomplete,  and  furnish  no  assiirance  that 
one  has  indeed  constructed  the  most  general  function  with  these 


properties.   Our  present  note,  therefore,  formulates  the 
general  problem  in  a  precise  manner,  derives  its  most  p:eneral 
solution,  and  then  illustrates  this  solution  with  some  simple 
examples B 

25  THE  GENERAL  PROBLEM 

Consider  a  function  P  of  the  independent  variables 

^1'  ^Z*    **'  ^m'  ^1'  ^Z    ••'  ^p^  ^1*  ^2'  * ' "  ^q'  ^'^^  ^1*  ^2'  ••*^r' 
such  that  a  straight  line  results  when  vje  plot  P  against  any  x  on 

ordinary  Cartesian  graph  paper,  against  any  y  on  semi-log  paper, 

or  against  any  z  on  double -log  paper «   Let  the  u's  denote  all 

other  variables  on  which  F  may  depend,  but  for  x\rhich  no  such 

"linear"  property  exists.   It  is  understood,  of  course,  that  in 

practice  such  linearity  may  hold  only  approximately,  and  only 

for  a  certain  bounded  range  of  the  variable  used  as  abscissa, 

and  only  for  certain  bounded  ranges  of  the  remaining  variables, 

which  appear  as  parameters.   In  this  analysis,  however,  we  relax 

these  restrictions,  assuming  that  each  plot  is  a  straight  line 

for  all  values  of  abscissa  and  parameters. 

We  put 

(1)  In  z^  =  y^.,.^.  In  z-^  =  7^+2>    •••  ^^^  Zq  =  7^7        (n  =  p+q )  I 
then  F(x, ,,.oy  ,  u)  is  a  function  such  that  the  plot  of  F 
against  any  x  or  of  inP  against  any  P  is  a  straight  line  on 
Cartesian  graph  paper.   Here  u  denotes  the  set  u,  ,  Uo,  . . .u  • 

Then 

(2)  lnF=A^yj^+Bj^,  {k=l,  2,  ...n) 


■J 'J.    ■  ±  ..■TV-: J 


where  A^  and  B^  are  functions  of  x  .»,x^,  7^-^^Ji^_i}   '^k+l'^'^'^n* 
and  of  the  u'so   Vie  then  ask:  if  InP  is  linear  in  each  y  v;hen  the 
other  y's  are  all  held  constant,  what  is  the  raost  general  form 
for  InP,  as  a  function  of  the  y's,  that  will  represent  such  a 
property? 

To  answer  this  question,  we  first  recall  the  definition  of 
a  multilinear  fionction  G,  of  several  variables  t,  ^  tp^ao.t  ,  as 
a  function  which  is  the  sum  of  a  constant  and  a  linear  corabl- 
nation  of  all  the  products  of  the  t's  taken  one  at  a  time,  ti-jo 
at  a  time,,.,s  at  a  time,  without  repetitiono   For  example. 
If  s=3, 

G(t,  ;  tp,    t„,)  =  a  +a-  t,+  &p   tp+  a,  t^ 
/^x  +b,tpt.j+  bp  tnt-j+b-,  t-,  tp  +ct-|  tpt^ 

Any   such  multilinear   fuiiction  satisfies   the   differential 

equations 

ik)  'a^G/3t^  =   0  (k=l,    2,...,s) 

(When  the  constant  term  vanishes,  we  term  G   a  constant-free 
multilinear  fxinction.  )   It  is  then  easily  shown  by  induction 
that  G(t, ,  t2,»t»jt  )  is  the  most  general  function  of 
"t-i*  tp,...,t  which  is  linear  in  each  t. 

The  Synthesis  for  the  y's  Alone: 
On  applying  these  considerations  to  (2),  we  find  that 

{$)  InP  =g(x^,  X2,...,x^,  u)-i-iM^^'^^(y^,  y2,o..,y^). 


where  N  '•'   denotes  a  ge>ieral  constant-free  multilinear  function 
of  the  y's,  with  coefficients  which  are,  a  pr i or  1 .,  functions  of 
x,,.«»,x  ,  u.   On  placing 

(6)  expg  =  f  (x-j_,  Xg,...  x.^,  u), 
we  obtain 

(7)  F  =  f(x^,  X2,«..  x^^,  u)expii^^^^^^ 

which  gives  the  synthesis  of  the  linearities  of  InF  versus  the  y's. 

The  Complete  Synthesis: 
Since  P  is  linear  in  each  x,  it  f olloi/s  from  the  property 
of  multilinear  functions  that 

(8)  F  =  F^^'^'^h^-^,   X2,..o,x^.^), 

where   P  ^'    is  a  general  multilinear  function  of  the  x's,  the 
coefficients  bein~  functions  of  the  y's  and  the  u's.   Then 

(9)  F  =  f(x^,  X2,...,  x^,  u)expN^'''^^  =  P^^^^^  (x^^  X2,,..,x^), 
where  by  (1+) 

(10)  S^N/ayv  =  0  (k  =  1,  2,...,n) 

(11)  a^P/^x^  =  0  (j  =  1,  2,e,.,m) 

We  next  shov;  that  f  is  a  multilinear  function  of  the  x's. 
To  do  so,  put  every  y  equal  to  zero  in  (9).   Since  N  contains 
no  constant  term,  it  then  vanishes,  so  that  (9)  becomes 

(12)  f(x-j_,  X2,...,x^^,  u)  =  M^^^(x^,  ^2'^°''^m^ 


\  '•  >  S  :.  i 


i^     1   ,'i 


Here  M^^'  Is  siraply  the  expression  for  p^^'^^  with  each 
coefficient  evaluated  at  each  y=0,  so  that  it  is  a  multilinear 
function  of  the  x's  with  coefficients  depending  only  upon  the  u's 
We  nox-;  shou  that  the  coefficients  in  N   '    s^^Q    independent 
of  the  x's,  as  follows.   Insert  (12)  into  (7),  so  that 

(13)  P  =  11^^^  expN^^^^^^ 

and  require  that  (13)  satisfy  (11).   It  follows  that 

3x^    axj  ^""j  ''^j    s'^j 

where  we  have  omitted  the  superscripts  for  convenience.   Since  M 
is  multilinear  in  the  x's,  it  follov/s  from  (l|)  that 

(15)  ^^I'V^x^  =  0, 
so  that 

(16)  r/f^  +  2^^  2.N_  +  M(aii-)2  ^ 

->  2     i}x.     ^x.  ix . 

If  we   novj  differentiate    (16)    twice   vjlth  respect   to  y,  ,  \-]e   find 

with  use    of   (10)    that 

2 

(17)  2M(^V4r-)^  =  0. 


^^j^^k 


whence 


(18)  -^   ((i^)   =   0  J   =  1,2, ...,m 

^  ^  ayj,   *>Xj/  k  =  1,2, ...,n 


Eqo    (18)   raeans   that  c)W/^x.   can  be   a   function  only   of  the  x's   and 

J 

the  u's«   But  N  and  c>N/^x  ,  are  constant-free  multilinear  functions 
of  the  y's,  with  coefficients  that  are,  a  priori,  functions  of 
the  x's  and  the  u's«   These  results  are  compatible  if  and  only  if 

(19)  ai^/6x.  =  0  (j  =  1,  2, cm) 

J 

so  that  each  coefficient  in  the  constant -free  multilinear 
function  W  must  be  independent  of  the  x's. 
We  may  thus  rewrite  (13)  as 

(2-)        F  =  M^^^x^,  X2,o..,x^)exp  N^^^(y^,  72^"*>yn^* 

VJhen  we  return  to  the  original  formulation  of  the  problem  in 
terms  of  the  x's,  y's  and  z's,  it  follows  that  the  most  j5:eneral 
functional  form  for  F  is  £iven  by 

(21)   P  =  M^^^x^,  X2,.o.,x^) 

exp  N^^^(y-|_,  y2*o.oyp,  In  z-  ,   In  23,...,  In  z^), 

where  M    is  a  general  multilinear  function  of  the  x's  and 
N    a  general  constant-free  multilinear  function  of  the  y's 
and  In  z's,  the  coefficients  in  both  being  functions  only  of 
the  u ' s I 


3,5  SOME  ELj5Mi:,i^TARY  SKaIIPLSS 

As  short  illustrations  of  the  general  result  (21),  we  now 
give  a  few  examples  where  P  has  linear  plots  against  just  three 
variables.   In  each  case  \-ie   list  the  specific  form  that  (21) 


•'•.  VV 


'   .J 
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assumes  and  the  slopes  and  intercepts  on  the  appropriate  plots. 
By  comparing  the  behavior  of  the  slopes  and  intercepts  in  the 
various  experimentally  given  families  of  curves  that  define 
the  function  P  with  these  listed  formulas,  one  can  readily 
determine  which  coefficients  vanish,  if  any,  and  thus  obtain  a 
specific  formula  for  F  in  any  actual  case,   Hsre  "in"  denotes 
a  natural  logarithm  and  "log"  a  coi.mion  logarithm.   For  an 
X  or  a  y  the  intercept  is  taken  at  zero,  while  for  a  z  it  is 
taken  at  z  =  1.   For  the  logarithmic  plots  the  slopes  and 
intercepts  are  those  of  log  Fo   In  the  following  formulas,  it 
is  understood  that  the  constants  may  be  functions  of  the  u's. 


(a) 


j^-^  ^1'   ^2i 

F  =  {k^x+k2)exp(a^y^+a2y2+by^y2^ 
Cartesian  plot  vs  x: 

Slope   S  =  k-_exp(a^y^+a2y2+by^y2) 

Intercept      I  =  k2exp{a^y^+a2y2+by^y2) 
Semi-lof;  plot   vs  y,  : 

Slope      S  =   0.[|.3[j.3(a^+by2) 

Intercept      i  =  log(k^x+k2)+0oi^.3lj.3  a2y2 


(b)  i     x,y,z     1 


P  =   (!<:,x+k2)exp(a-y+a2ln   z+by   In   z) 

^   a,y  a2+by 
=   (k,x+kp)e        z 


Cartesian   plot   vs   xt 

a,y  ap+by 
Slope  S  =  k^e  -^    z 

a,y  a^+by 

Intercept  I  =  kpe        z  ^ 

Serai -log   plot   vs  ys 

Slope  S  =   0.i4.3i|3a^+b   log    2 

Intercept  I  =  lo£(k,x+k2)+aplog    2 

Double -lop;  plot   vs    z'- 

Slope  S   =  ap+by 

Intercept  I  =  log(k,x+k-2)+04[j.3ij.3a^y 


(c)  I   yi^yTTTH 


F  s-k  :©xp(a^y^+a2y2+a2ln   z+b^y^ln   2+b-y^y2+cy^y2ln   z) 


a^y^+a2y2+b^y^y2  a2+b^y^+b2y2+cyiy2 


I" 


■  \-K: 
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Semi-lop;  plot   vs  y,  : 

Slope  S  =  0,I^3i^3(a^+b2y2)+(b^+cy2)log    z 

Intercept        i   =  Iogk+0.i|3l4a2y2+(ao+b2y2)log   z 

Double -lop;  plot   vs    z: 

Slope  S  =  a2+b^y^+b2y2+cy^y2 

Intercept        I  =  logk+0.[^3[|.3(a^y^+a2y2+b3y-Ly2) 


(d) 


J  J    ^2_>    ^2 


P  =  k  exp(a^y+a2ln   z-|_+a.ln   Z2+b-,_y  In   Zn+b2y  In   z, 
+b-ln   z,ln   Zp+cyln   z,ln   Z2) 


ay     ap+b-,y  a^+b^y 

=  ke   ^    2t  ^      zp     ^     "^  H, 


where 


H  =  z. 


(b2+cy)ln    Z2  (b^+cyjln   z^ 


=   z 


Serai-log;  plot   vs  y: 

Slope  S  =   0,i|31|3a^+b^logz^+b2logz2+2e303clO£z^logZ2 

Intercept   I   =  Iogk+a2logz^+a„logz2+2.303bologz,logz2 

Double-log;  plot  vs  z,  : 

Slope  S  =  a2+b^  y+2,303(b2+cy )logz2 

Intercept      I  =  Iogk+0.l4.3[j.3a^y+(a3+b2y )log   Zg 


x^- 


ft^y 
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^800  Oak  Grove  Drive 

Pasadena  3,  California 

Guggenheim  Aeronautical  Laboratory 
California  Institute  of  Technology 
ATTN:   Aeronautics  Library 
(Please  route  to 

Professor  Hr  W.  Llepraann) 
Pasadena  I4.,  California       (1) 

Carnegie  Institute  of  Technology 

ATTN:   Library 

Pittsburgh  18,  Pennsylvania   (1) 

Catholic  University  of  America 
Aeronautical  Ilechanical  Engineering 
ATTN:   Library 
V/ashington,  D.  C9  (l) 
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Cornell  University  (1) 

Graduate  School  of 

Aeronautical  -JIngineering 

ATTN:   Library 

(Please  route  to  Dr,  V/,  R.  Sears) 

Ithaca,  Nev7  York 

Columbia  University  (1) 

Department  of  Civil  Engineering 

and  Engineering  Mechanics 

ATTN:   Library 

(Please  route  to  Profo  G,  Herrmann) 

New  York  27,  Nei^  York 

University  of  Florida        (1) 
Engineering  Mechanics  Department 
ATTN :   Library 
Gainesville,  P'lorida 

Georgia  Institute  of  Teclinology 

Department  of 

Mechanical  Engineering 

ATTN:   Library 

Atlanta,  Georgia  (1) 

Harvard  University  (1) 

Department  of  Engineering  Sciences 
ATTN:   Library 
Cambridge  38,  Massachusetts 

Harvard  University  (1) 

Department  of  Applied  Physics 
ATTN:   Library 

(Please  route  to  Prof,  H,  VJ«  Emmons) 
Cambridge  J)Q,    Massachusetts 

Illinois  Institute  of  Teclinology 
Armour  Research  toundation 
ATTN:   Library 
Chicago,  Illinois  (1) 


Jolins  Hopkins  University 
Applied  Physics  Laboratory 
ATTN:   Library 
8621  Georgia  /.venue 
Silver  Spring,  Maryland 

Joljns  Hopkins  University 
Denartiiient  of  Aeronautics 
ATTN:   Library 
(Please  route  to 
Dr,  Erancis  tU  Clauser) 
Baltimore  l8,  Maryland 

Lehigh  University 
Department  of  Physics 
ATTN:   Library 
(Please  route  to 

Prof,  n,  J,  Emrich) 
Bethlehem,  Pennsylvania 


(1) 


(1) 


(1) 


(1) 


University  of  Maryland 
Institute  for  Fluid 
Dynamics  and  Applied  Mathematics 
College  Park,  Piaryland 


University  of  Maryland 
ATTN:   Engineering  Library 
College  Park,  Maryland 

Massachusetts  Institute  of 

Teclinology 
Naval  Supersonic  Laboratory 
Cambridge  39,  Massachusetts 


(1) 


(1) 


(1) 


Massachusetts  Institute  of 

Teclinology 
ATTN:   Library 
(Please  route  to  Mecho  and 

Aeroo  Engro  and  Mechanics) 
Cambridge  39,  Massachusetts 


University  of  Illinois 
Aeronautical  Institute 
ATTN:   Library 
(Please  route  to  Prof,  K« 
Urbana,  Illinois 

John  Crerar  Library 
86  E.  Randolph  Street 
Chicago  1,  Illinois 


(1) 
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Massachusetts  Institute  of 

Technology 
Fluid  Dynamics  Research  Group 
Barthel)   ATTN:   Dr.  Leon  Trilling 
Cambridge  39,  Massachusetts 


(1) 


(1)     University  of  Michigan 

Department  of  Aeronautical 

Engineering 
ATTN:   Library 
East  Engineering  Building 
Ann  Arbor,  Michigan 


(1) 


Midwest  Research  Institute    (1) 

ATTN:   Library 

14.25  Volker  Boulevard 

Kansas  City  10,  liissouri 

University  of  Minnesota      (l) 
Institute  of  Technology 
ATTN:   Engineering  Library 
Minneapolis,  Minnesota 

Rosemount  Aeronautical  Laboratories 
University  of  Minnesota 
Department  of  Aeronautical 

Engineering 
ATTN:   Library 
Minneapolis,  Minnesota       (1) 

Worth  Carolina  State  College   (1) 
Division  of  ^engineering  iiesearch 
iiTTlJs   Technical  Library 
Raleigh,  North  Carolina 

Ohio  State  University        (1) 
Department  of  ii.eronautical 

Engineering 
ATTN:   Library 
Columbus,  Ohio 

Polytechnic  Institute  of  Brooklyn 
Department  of  Aeronautical  Engin- 
eering and  Applied  Mechanics 
ATTN:   Library 
333  Jay  Street 
Brooklyn  1,  New  York         (1) 

Aerodynamics  Laboratory      (1) 
Polytechnic  Institute  of  Brooklyn 
527  Atlantic  iivenue 
Free port.  New  York 

Pennsylvania  State  University   (1) 
Department  of  Aeronautical 

Engineering 
ATTN:   Library 
University  Park,  Pennsylvania 

The  James  Porrestal  Research  Center 

Princeton  University 

ATTN:   Library 

(Please  route  to  Prof,  S.  Bogdonoff) 

Princeton,  New  Jersey        (1) 
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Princeton  University       (1) 
Department  of  Aeronautical 

Engineering 
iiTTN:   Library 
Princeton,  Nevj  Jersey 

Rensselaer  jolytecrinic  Institute 
Department  of 

Aeronautical  Engineering 
ATTN:   Library 
Troy,  New  York  (1) 

University  of  Southern  California 

Engineering  Center 

ATTN:   Library 

3518  University  Avenue 

Los  Angeles  1,    California    (1) 

Stanford  Research  Institute  (1) 
Documents  Center 
ATTN:   Acquisitions 
Menlo  Park,  California 

Stanford  University        (l) 
Department  of 

Aeronautical  Engineering 
ATTN:   Library 
Stanford,  California 

Defense  Research  Laboratory 

University  of  Texas 

Post  Office  Box  8029 

Austin  12,  Texas  (1) 

University  of  Virginia     (1) 
Ordnance  Research  Laboratory 
Charlottsville,  Virginia 

University  of  VJashington   (1) 

Department  of 

Aeronautical  Engineering 
ATTN:   Library 
Seattle,  V/ashington 

New  York  University        (1) 
Institute  of  Mathematical  Sciences 
ATTN :   Library 
New  York  3> ,   Kew  York 
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Allied  Research  Associates   (1) 

ATTN:   Library 

(Please  route  to  Dr,  T,  R,  Goodman) 

I4.3  Leon  Street 

Boston  ^t    Massachusetts 

aVCO  HanuTacturing  Company   (1) 
Research  Laboratories 
ATTN:   Chief,  Technical  Library 
2385  Revere  Beach  Parkway 
Lverett  [|.9,  Massachusetts 

AVCO  Manufacturing  Company   (1) 
Research  and  Advanced  Development 

Division 
ATTN:   Research  Library, 

Mrs,  Ho  M,  Page 
201  Lowell  Street 
Wilmington,  Massachusetts 

Bell  Aircraft  Corporation   (1) 
ATTN:   Library 
Post  Office  Box  1 
Buffalo  5,  New  York 


(1) 


Boeing  Airplane  Company 
ATTN:   Library 
Post  Office  Box  310? 
Seattle  lli,  Washington 


Chance -Vought  Aircraft,  Inc.   (1) 
ATTN:   Library 
Dallas,  Texas 

CONViilR  (1) 

Fort  Worth  Division 
ATTN:   Library 
Port  Worth  1,  Texas 

CONVaIR  (1) 

ATTN:   Library 

Post  Office  Box  1011 

Pomona,  California 

CONVAIR  (1) 

Scientific  Research  Laboratory 

ATTN:   Library 

Post  Office  Box  950 

San  Diego  12,  California 


CONV;-.IR  (1) 

Scientific  Research  Laboratory 
ATTN:   Library 
(Please  route  to  Chief, 

Applied  Research) 
Post  Office  Box  950 
San  Diego  12,  California 

Cornell  Aeronautical     ■  (1) 

Laboratories,  InCs 
ATTN:   Library 
\\\\S^   Genesee  Street 
Buffalo  21,  New  York 

Douglas  Aircraft  Company,  Inc. 

ATTN :   Library 

827  Lapham  Street 

El  Segundo,  California     (1) 

Douglas  aircraft  Company,  Inc. 
ATTN:   Library 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California    (1) 


Fairchild  Engine  and 
Aircraft  Comoany 
Guided  Missiles  Division 
ATTN :   Library 
Wyandanch,  Lolo,  New  York 

Flight  Sciences  Laboratory 
ATTN:   Library 
1965  Sheridan  Avenue 
Buffalo  23,  New  York 


(1) 


(1) 


(1) 


General  Applied 
Science  Laboratories,  Inct, 
M'eadowbrook  National  Bank  Building 
60  Hempstead  Avenue 
Hempstead,  New  York 

General  Electric  Company    (1) 
Aircraft  Gas  Turbine  Division 
ATTN:   Library 
Cincinnati  l5,  Ohio 

General  Electric  Company    (1) 

Aeroscience  Laboratory  -  MSVD 

ATTN:   Library 

(Please  route  to  Dr.  H,  Lew) 

3750  "D"  Street 

Philadelphia  2J4.,  Pennsylvania 


General  Electric  Company 
Research  Laboratory 
Post  Office  Box  1038 
Schenectady  5>  New  York 


(1) 


General  Electric  CoiTipany     (1) 
Special  Defense  Products  Division 
3198  Chestnut  Street 
Philadelphia  l\.,    Pennsylvania 

Grumman  Aircraft  (1) 

Engineering  Corporation 
ATTN:   Library 
Bethpage,  LoI«,  New  York 

Hughes  Aircraft  Company     (1) 
Research  and  Development 

Laboratories 
ATTN:   Library 
Culver  City,  California 

Lockhead  Aircraft  Corporation   (1) 
ATTN:   Library 
Post  Office  Box  55l 
Burbank,  California 

Lockheed  Aircraft  (1) 

Missile  Systems  Division 
ATTN:   Library 
Palo  Alto,  California 


The  Martin  Company 
ATTN:   Library 
Baltimore  J,}    Maryland 


(1) 


McDonnell  Aircraft  Corporation 

ATTN:   Library 

Post  Office  Box  5l6 

St,  Louis  66,  Missouri      (1) 

North  American  Aviation,  Inc.   (1) 

Missile  Division 

ATTN:   Library 

I221I4.  Lakewood  Boulevard 

Downey,  California 

Northrop  Aircraft,  Inc.     (1) 
ATTN :   Library 
Havjthorne,  California 


Plasmadyne  Corporation 
.-iTTN :   Library 
3839  South  Main  Street 
Santa  Ana,  California 


(1) 


The  Ramo-Wooldridge  Corporation 

ATTN:   Chief  Librarian 

5730  Arbor  Vitae 

Los  Angeles  k-S ,    California   (1) 


Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 


(1) 


Republic  Aviation  Corporation 

ATTN:   Library 

Farraingilalo ,  Lrl=^-Wew  York   (1) 


RIAS,  Inc, 
ATTN:   Library 
7212  Bellona  Avenue 
Baltimore  12,  Maryland 


(1) 


United  Aircraft  Corporation   (1) 

Research  Department 

ATTN:   Library 

I4.OO  Main   Street 

East  Hartford  8,  Connecticut 


VITRO  Laboratories 
West  Orange  Laboratory 
200  Pleasant  Valley  Way 
West  Orange,  New  Jersey 


(1) 


Westinghouse  Electric  Corporation 

Aviation  Gas  Turbine  Division 

aTTiJ:   Engineering  Library 

P.  0.  Box  288 

Kansas   City,    Missoiiri  (1) 
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Director  (1) 

National  Aeronautical  Establishment 
Ottawa,  Ontario 
Canada 

University  of  Toronto       (l) 
Institute  of  Aorophysics 
ATTN:   Library 
Toronto  5^  Canada 


8 


Trailing  Center  for  (1) 

Experimental  /lerodynamics 
^TTN:      Library 

Rhode-Saint-Genese    (Belgique) 
72,    Chaussee    de   Waterloo 
Belr.ium 
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Chairman  (1) 

Defence  Research  Board 

ATTN:   DSIS 

Ottawa,  Ontario 

Canada 
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